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(57) ABSTRACT

A planar ammonia selective sensing electrode for water
quality monitoring and a manufacturing method of the
sensing electrode are provided. The sensing electrode
includes an 1insulating base plate, an electric-conductive

layer, an ammonium 1on sensing layer, a hydroxide 1on
sensing layer, and an electrolyte layer. The electric-conduc-
tive layer 1s disposed on the planar surface of the mnsulating
base plate. The electric-conductive layer includes a first
conductive part and a second conductive part. The first
conductive part and the second conductive part are insulated
and apart from each other, and configured to form a first
reaction zone and a second reaction zone, respectively. The
ammonium 1on sensing layer 1s disposed on the first reaction
zone. The hydroxide ion sensing layer i1s disposed on the
second reaction zone. The electrolyte layer 1s disposed on
and covers the ammonium 1on sensing layer and the hydrox-
ide 10n sensing layer.

17 Claims, 4 Drawing Sheets
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PLANAR AMMONIA SELECTIVE SENSING
ELECTRODE AND MANUFACTURING
METHOD THEREOF

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims the benefit of U.S. Provisional

Application No. 62/408,924 filed on Oct. 17, 2016, and
entitled “ELECTROCHEMICAL SENSING DEVICE FOR
WATER QUALITY MONITORING PLANAR SENSING
ELECTRODES AND  FABRICATING METHOD
THEREOF”. This application claims priority to China Pat-

ent Application No. 201710377336.3 filed on May 25, 2017.
The entire contents of the above-mentioned applications are
incorporated herein by reference for all purposes.

FIELD OF THE INVENTIO

The present invention relates to a sensing electrode for
water quality monitoring, and more particularly to a planar
ammomnia selective sensing electrode and a manufacturing
method thereof.

BACKGROUND OF THE INVENTION

For a conventional water quality monitoring, 1t takes a lot
of time and manpower to sample and analyze, and the
problems of the ineflective wastewater treatment or the
abnormal quality of the treated water cannot be reported
ciiciently and immediately, so that the quality of the river’s
receiving water 1s allected by the discharged wastewater. In
order to meet the actual demand, the water quality moni-
toring device should be able to analyze the real-time water
quality to eflectively monitor the effectiveness of the water
treatment and the changing conditions of the water quality,
thereby 1mproving the corresponding operating procedures
of handling process. On the other hand, while the require-
ment for recycling water 1s increased, the requirement of the
water quality monitoring device with the on-site monitoring,
ability 1s also 1ncreased sigmificantly.

However, the conventional water quality monitoring
device 1s provided with a glass electrode as 1ts 1on sensing
clectrode. Although the glass electrode can be used to
measure the 1on concentration in the water stably, 1t has a
complex structure, costs a lot, and 1s not conducive to
miniaturization. In addition, due to the structural limitations
of the glass electrode and the reference electrode 1n the water
quality monitoring device, the sensing sensitivity thereof
cannot be improved.

Therelore, there 1s a need of providing a planar ammonia
selective sensing electrode and a manufacturing method
thereof for water quality monitoring to meet the above
requirements and solve the above problems.

SUMMARY OF THE INVENTION

An object of the present invention 1s to provide a planar
ammomnia selective sensing electrode and a manufacturing
method thereof. The planar ammonium ion sensing layer and
the planar hydroxide 1on sensing layer are disposed on an
clectric-conductive by a drop-coating method, a sputtering
method, an electrodeposition method or a screen-printing,
thick-film technique, so as to improve the accuracy and
reduce the volume of the sensing electrode. At the same
time, the planar ammonia selective sensing electrode 1s
provided with the high selectivity and the high sensitivity to
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be applied 1n the fields of the medicine, the biochemaistry, the
chemistry, the agriculture, the environmental and others. For
example, 1t can be applied to monitor the variation of the
ammonia and nitrogen concentrations during the planting
process of hydroponic plants, the variation of the ammonia
and nitrogen concentrations of the human sweat, the water
quality of the aquaculture, or the specific biological indica-
tors (e.g. creatinine) by means of combining the specific
eNzymes.

Another object of the present mvention 1s to provide a
planar ammonia selective sensing electrode and a manufac-
turing method thereof. The structure 1s compact, the manu-
facturing process 1s simplified, and the cost 1s reduced, so as
to facilitate to achieve the purpose of providing disposable
sensing electrodes.

In accordance with an aspect of the present invention, a
planar ammoma selective sensing electrode 1s provided. The
planar ammonia selective sensing electrode includes an
insulating base plate, an electric-conductive layer, an ammo-
nium 10n sensing layer, a hydroxide 10on sensing layer and an
clectrolyte layer. The insulating base plate includes at least
one planar surface. The electric-conductive layer 1s disposed
on the planar surface of the insulating base plate. The
clectric-conductive layer includes at least one first conduc-
tive part and at least one second conductive part. The first
conductive part and the second conductive part are insulated
and apart from each other, and further configured to form a
first reaction zone and a second reaction zone, respectively.
The ammonium 1on sensing layer i1s disposed on the first
reaction zone of the first conductive part. The hydroxide 1on
sensing layer 1s disposed on the second reaction zone of the
second conductive part. The electrolyte layer 1s disposed on
and covers the ammonium 1on sensing layer and the hydrox-
ide 10n sensing layer.

In accordance with another aspect of the present imven-
tion, a manufacturing method of a planar ammoma selective
sensing electrode 1s provided. The manufacturing method
includes steps of: (a) providing an insulating base plate
including at least one planar surface, and forming an elec-
tric-conductive layer on the at least one planar surface of the
insulating base plate, wherein the electric-conductive layer
includes at least one first conductive part and at least one
second conductive part, and the first conductive part and the
second conductive part are mnsulated and apart from each
other and configured to form a first reaction zone and a
second reaction zone, respectively; (b) forming an ammo-
nium 1on sensing layer on the first reaction zone and a
hydroxide 1on sensing layer on the second reaction zone,
respectively; and (¢) forming an electrolyte layer to cover
over the ammonium 1on sensing layer and the hydroxide 1on
sensing layer.

The above contents of the present invention will become
more readily apparent to those ordinarily skilled 1n the art
alter reviewing the {following detailed description and
accompanying drawings, in which:

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1. It 15 an exploded view illustrating a planar
ammonia selective sensing electrode according to a pre-
ferred embodiment of the present invention;

FIG. 2 shows an exemplary sensing voltage response
curve of the planar ammoma selective sensing electrode
according to the present ivention;

FIG. 3 shows the relationship between the sensing voltage
and the ammoma concentration sensed by the planar ammo-
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nia selective sensing electrode of the present invention and
by the conventional ammonia sensing electrode; and
FI1G. 4 15 a flow chart illustrating a manufacturing method

of the planar ammonia selective sensing electrode according
to the present 1nvention. 5

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENT

(1]

The present invention will now be described more spe- 10
cifically with reference to the following embodiments. It 1s
to be noted that the following descriptions of preferred
embodiments of this imvention are presented herein for
purpose of 1llustration and description only. It 1s not intended
to be exhaustive or to be limited to the precise form 15
disclosed.

The present invention provides a planar ammonia selec-
tive sensing electrode. The planar ammonia selective sens-
ing clectrode includes an 1nsulating base plate, an electric-
conductive layer, an ammonium 1on sensing layer, a 20
hydroxide 1on sensing layer and an electrolyte layer. In the
present invention, the hydroxide 1on sensing layer can be for
example but not limited to a potential of hydrogen sensing
layer or a pH sensing layer. The electric-conductive layer 1s
disposed on the planar surface of the insulating base plate. 25
The electric-conductive layer includes at least one first
conductive part and at least one second conductive part. The
first conductive part and the second conductive part are
insulated and apart from each other, and further configured
to form a first reaction zone and a second reaction zone, 30
respectively. The ammonium 1on sensing layer 1s disposed
on the first reaction zone of the first conductive part. The
hydroxide 1on sensing layer 1s disposed on the second
reaction zone of the second conductive part. The electrolyte
layer 1s disposed on and covers the ammonium 10n sensing 35
layer and the hydroxide 1on sensing layer. The planar
ammonium 1on sensing layer and the planar hydroxide 1on
sensing layer are disposed on the electric-conductive by a
drop-coating method, a sputtering method, an electrodepo-
sition method or a screen-printing thick-film technique. 40
Moreover, without the loss of the accuracy, the volume of
the planar ammonia selective sensing electrode 1s greatly
reduced, and the planar ammoma selective sensing electrode
has high selectivity and high sensitivity.

FIG. 1 1s an exploded view 1llustrating a planar ammoma 45
selective sensing electrode according to a preferred embodi-
ment of the present invention. As shown in FIG. 1, the planar
ammomnia selective sensing electrode (hereinafter referred as
the sensing electrode) 1 includes an insulating base plate 10,
an electric-conductive layer 20, an insulating and waterproof 50
layer 30, an ammonium 1on sensing layer 40, a pH sensing
layer 50, a pad 60, an electrolyte layer 70 and a gas diffusion
layer 80. The 1nsulating base plate 10 includes at least one
planar surface 11. The electric-conductive layer 20 includes
a first conductive part 21 and a second conductive part 22 55
disposed on the planar surface 11 of the insulating base plate
10, respectively, and 1nsulated and apart from each other. In
the embodiment, the first conductive layer 21 and the second
conductive layer 22 are preferably disposed on the same
planar surface 11. The first conductive part 21 and the 60
second conductive part 22 include a first reaction zone 23
and a second reaction zone 24, respectively. The nsulating
and waterproof layer 30 1s disposed on the electric-conduc-
tive layer 20 and partially covers the first conductive part 21
and the second conductive part 22, and thus a portion of the 65
first conductive part 21 and a portion of the second conduc-
tive part 22 are exposed from the isulating and waterproof

4

layer 30 and configured as the first reaction zone 23 and the
second reaction zone 24, respectively. In the embodiment,
the first reaction zone 23 of the first conductive part 21 and
the second reaction zone 24 of the second conductive part 22
are disposed nearby with a gap so as to facilitate the
miniaturization of the entire structure. Preferably, the first
reaction zone 23 and the second reaction zone 24 are located
at the ends of the first conductive part 21 and the second
conductive part 22, respectively. The ammonium 10n sensing
layer 40 and the pH sensing layer 50 are disposed on the first
conductive part 21 and the second conductive part 22,
respectively, and uncovered by the insulating and water-
proof layer 30. Namely, each of them 1s disposed on the first
reaction zone 23 and the second reaction zone 24, respec-
tively. In other words, the insulating and waterproot layer
30, the ammonium 10n sensing layer 40 and the pH sensing
layer 50 cover on the electric-conductive layer 20 together.
In the embodiment, the insulating and waterproof layer 30,
the ammonium 10n sensing layer 40 and the pH sensing layer
50 can be for example but not limited to be constructed on
the same planar surface. Preferably, not only the first reac-
tion zone 23 and the second reaction zone 24 are located at
the ends of the first conductive part 21 and the second
conductive part 22, respectively, but also a working elec-
trode connection zone 25 and a counter electrode connection
zone 26 are disposed on the first conductive part 21 and the
second conductive part 22, respectively, and located at the
other ends opposite to the ends where the first reaction zone
23 and the second reaction zone 24 located at. Besides, the
clectrolyte layer 70 1s disposed on the ammonium 1on
sensing layer 40 and the pH sensing layer 50 and covers on
the ammonium 10n sensing layer 40 and the pH sensing layer
50 at the same time. In the embodiment, the sensing elec-
trode 1 further includes a pad 60 having an opening 61. The
pad 60 1s disposed around the ammonium 10n sensing layer
40, the pH sensing layer 50 and the electrolyte layer 70.
Consequently, the electrolyte layer 70 passes through the
opening 61, 1s accommodated in the interior of the opening
61, and contacts with the ammonium 1on sensing layer 40
and the pH sensing layer 50. In addition, the sensing
clectrode 1 further includes a gas diffusion layer 80 disposed
on the electrolyte layer 70 and attached to the pad 60, so as
to hold the electrolyte layer 70 among the gas diflusion layer
80, the ammonium 10n sensing layer 40 and the pH sensing
layer 50. Thus, the targeted sensing 10ons can be transmaitted
from the gas diffusion layer 80 through the electrolyte layer
70 to the ammonium 10n sensing layer 40 and the pH sensing
layer 50, respectively.

In the embodiment, the targeted sensing 1ons for the
ammonium 10n sensing layer 40 and the pH sensing layer 50
are the ammonium ion (NH,") and the hydroxide ion (OH™),
respectively. Since an ammonia deprotonates the water to
give the ammonium ion (NH,") and the hydroxide ion
(OH™), the reaction equation 1s shown in the following
equation (1). The ammonia (NH;) molecules of the sampled
water diffuse into the electrolyte layer 70 through the gas
diffusion layer 80 to change the concentrations of the
ammonium ion (NH, ™) and the hydroxide ion (OH™) therein,
and then the ammonium 1on (NH, ™) and the hydroxide 1on
(OH™) are transmitted to the ammonium 10n sensing layer 40
and the pH sensing layer 30, respectively. The ammonium
ion (NH,") 1s reacted with the ammonium ion sensing layer
40 to generate the variation of the electrochemical mem-
brane voltage. While the concentration of the ammonium 1on
(NH,™) 1s higher in the aqueous solution, the generated
membrane voltage 1s higher at the ammonium 1on sensing
layer 40. On the other hand, as ammonia 1s dissolved 1n the
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aqueous solution and hydroxide 1ons (OH™) are generated,
an alkaline change in the aqueous solution results. At this
time, the sensing voltage of the hydroxide ion (OH™) at the
pH sensing layer 50 has a negative growth. Namely, while

the hydroxide 1ons (OH™) sensed by the pH sensing layer 50
1s lower. Therefore, when the ammonia exists in the aqueous
solution, the signals sensed at the ammonium 1on sensing
layer 40 and the pH sensing layer 50 can be added together,
and the sensing electrode 1 of the present invention can
greatly enhance the sensitivity of ammonia concentration
sensing by the conventional electrochemical measure.

(1)

FIG. 2 shows an exemplary sensing voltage response
curve of the planar ammoma selective sensing electrode
according to the present invention. FIG. 3 shows the rela-
tionship between the sensing voltage and the ammoma
concentration sensed by the planar ammonia selective sens-
ing electrode of the present immvention and by the conven-
tional ammonia sensing electrode. As shown 1 FIGS. 2 and
3, while the ammonia/ammonium concentration of the aque-
ous solution gets increasing, the membrane voltage 1is
obtained relative to the silver/silver chloride reference elec-
trode merely according to the conventional measure method.
Namely, the ammonia/ammonium concentration sensing

T 1 T 1

VOltage IS presen‘[ed ds '—’NH4+_'—’WGFklﬂg(NH4+) EREfEF‘EHGE
While the ammonia/ammonium concentration 1s getting

higher, the sensing voltage of the ammonia/ammonium
concentration relative to the silver/silver chloride reference
clectrode 1s higher, and it meets the variations in the slope
of the electrochemical Nernst equation of 59.2+2 mV/
(decade). However, 1n the embodiment, since the variation
of pH value 1n the aqueous solution i1s also associated to
calculate simultaneously, the pH sensing voltage relative to
the silver/silver chloride reference electrode 1s presented as
E e Emoriimeomn—Ereference: While the aqueous solution 1s
influenced by the dissolved ammonia to generate the reac-
tion as shown 1n the equation (1), it results in increasing the
pH value of the aqueous solution and the pH sensing voltage
E z becomes lower. Therefore, in the embodiment, the
sensing method of the sensing electrode 1 1s performed by
the difference between the ammonia/ammonium-concentra-

tion sensing voltage E .., and the pH sensing voltage E_,.

NH,+H, 0+ NH,.H,O= NH,*+OH"

and presented as ENH4+_EPH:E Warkz'ﬂggNH4+)_E}Wﬂrkiﬂg(p:H)5
so that the sensitivity of planar ammonia selective sensing

clectrode 1 1s improved and the result meets the variations
in the slope of 132+3 mV/(decade), which 1s higher than the
sensitivity of the above conventional sensing electrode in the

slope of 59.2+2 mV/(decade) a lot, as shown 1n FIG. 3 and
the following Table 1.

TABLE 1

Comparison of the planar ammonia selective sensing
electrode according to the present invention and
the conventional ammonia sensing electrode

the conventional sensing
electrode

the present sensing
electrode

linearity range
linearity
sensitivity

0.01-1400 ppm
RZ = 0.9901
132 mV/decade

0.01-1400 ppm
R? = 0.9954
59.2 mV/decade

On the other hand, according to the planar ammoma
selective sensing electrode described 1n the above embodi-
ments, a manufacturing method of a planar ammonia selec-
tive sensing electrode 1s provided. FIG. 4 1s a flow chart

the aqueous solution 1s getting more alkaline, the voltage of 53
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6

illustrating a manufacturing method of the planar ammonia
selective sensing electrode according to the present mven-
tion. Please refer to FIGS. 1 and 4. Firstly, at the step S1, an
insulating base plate 10 including at least one planar surface
11 1s provided, and an electric-conductive layer 20 1s formed
on the at least one planar surface 11 of the insulating base
plate 10. The electric-conductive layer 20 includes a first
conductive part 21 and a second conductive part 22 disposed
on the planar surface 11 of the insulating base plate 10,
respectively, by for example but not limited to a screen-
printing or a sputtering technique, and the first conductive
part 21 and the second conductive part 22 are msulated and
apart from each other. The first conductive part 21 and the
second conductive part 22 include a first reaction zone 23
and a second reaction zone 24, respectively. Then, at the step
S2, an 1nsulating and waterproof layer 30 1s formed on the
clectric-conductive layer 20 to partially cover the first con-
ductive part 21 and the second conductive part 22, and thus
a portion of the first conductive part 21 and a portion of the
second conductive part 22 are exposed from the insulating
and waterproot layer 30 respectively. The exposed parts of
the first conductive part 21 and the second conductive part
22 from the insulating and waterproot layer 30 are config-
ured as the first reaction zone 23 and the second reaction
zone 24, respectively. In the embodiment, the insulating and
waterproof layer 30 1s formed by for example but not limited
to a screen-printing or a chemical vapor deposition (CVD)
technique to partially cover on the electric-conductive layer
20, and thus the uncovered parts of the electric-conductive
layer 20 are configured as the first reaction zone 23 of the
first conductive part 21 and the second reaction zone 24 of
the second conductive part 22, respectively. In the embodi-
ment, the first reaction zone 23 of the first conductive part
21 and the second reaction zone 24 of the second conductive
part 22 are disposed nearby with a gap so as to facilitate the
miniaturization of the entire structure. In an embodiment,
the first reaction zone 23 and the second reaction zone 24
exposed to be formed on the ends of the first conductive part
21 and the second conductive part 22, respectively. The
other ends opposite to the ends with the first reaction zone
23 and the second reaction zone 24 are also exposed from
the insulating and waterproot layer 30. They are configured
to form a working electrode connection zone 25 and a
counter electrode connection zone 26, respectively for con-
structing a sensing circuit, but it 1s not a necessary technical
feature to limit the present invention, and not redundantly
described herein. Then, at the step S3, the ammonium 10n
sensing layer 40 and the pH sensing layer 50 are formed on
the first reaction zone 23 of the first conductive part 21 and
the second reaction zone 24 of the second conductive part
22, respectively. In the embodiment, the insulating and
waterproof layer 30, the ammonium 10n sensing layer 40 and
the pH sensing layer 50 are constructed together to cover on
the electric-conductive layer 20. The forming sequences of
the msulating and waterproof layer 30, the ammonium 10n
sensing layer 40 and the pH sensing layer 50 are not limited
and can be adjusted according to the practical requirements.
The details are not redundantly described herein. Afterward,
at the step S4, the electrolyte layer 70 1s formed to cover the
ammonium 1on sensing layer 40 and the pH sensing layer 50.
In the embodiment, the accommodation space of the elec-
trolyte layer 70 1s further defined by an opening 61 of a pad
60. The pad 60 1s disposed around the ammonium ion
sensing layer 40, the pH sensing layer 50 and the electrolyte
layer 70. Consequently,, the electrolyte layer 70 passes
through the opening 61, 1s accommodated 1n the interior of
the opening 61, and contacts with the ammonium 1on
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sensing layer 40 and the pH sensing layer 50. The pad 60 can
be formed by the materials for example but not limited to the
polyethylene terephthalate (PET). In addition, the electro-
lyte layer 70 can be constructed by filling with for example
but not limited to 0.01 M tris (hydroxymethyl) aminometh-
ane (Iris) aqueous solution 1in the accommodation space

defined by the opening 61 of the pad 60. Finally, at the step
S5, a gas diffusion layer 80 1s formed on the electrolyte layer
70 and attached to the pad 60, so as to hold the electrolyte
layer 70 among the gas diffusion layer 80, the ammonium
ion sensing layer 40 and the pH sensing layer 50. Namely,
the electrolyte layer 70 1s accommodated 1in the accommo-
dation space defined by the opening 61 of the pad 60. In the
embodiment, the gas diffusion layer 80 can be for example
but not limited to a 10 um-thickness polytetratluoroethylene
(PTFE) gas diffusion layer.

In the embodiment, the electric-conductive layer 20 1s
formed on the planar surface 11 of the nsulating base plate
10 by for example but not limited to a screen-printing or a
sputtering technique. The first reaction zone 23 of the first
conductive part 21 and the second reaction zone 24 of the
second conductive part 22 are covered by the ammonium 1on
sensing layer 40 and the pH sensing layer 50, respectively,
and regarded as the ammonium ions (NH,™) reaction zone
and the hydroxide 1on (OH™) reaction zone, while the
remaining parts are covered and protected by an insulating,
and waterproof layer 30. In an embodiment, the first con-
ductive part 21 and the second conductive part 22 further
includes a working connection zone 25 and a counter
clectrode connection zone 26, respectively, located at the
other ends opposite to the ends of the first reaction zone 23
and the second reaction zone 24 covered by the ammonium
ion sensing layer 40 and the pH sensing layer 350, respec-
tively, and connected to the connection wires (not shown)
for forming a sensing circuit. In the embodiment, the elec-
tric-conductive layer 20 can be for example but not limited
to a sputtering metal film, and 1ts material 1s selected from
a screen-printing silver-carbon conductive mixing slurry, a
gold paste, a palladium paste, a silver paste, a conductive
carbon slurry, a gold, a palladium, a platinum, a gold-
palladium alloy, a silver or the combinations thereof. The
insulating base plate 10 1s formed by for example but not
limited to a PET or a ceramic substrate. In an embodiment,
the electric-conductive layer 20 1s formed on the nsulating
base plate 10 by a printing method and then dried at for
example 60° C. to 140° C.

In the embodiment, the first reaction zone 23 of the first
conductive part 21 of the electric-conductive layer 20 1is
covered by the ammonium 10on sensing layer 40, and the
second reaction zone 24 of the second conductive part 22 1s
covered by the pH sensing layer 50. The first reaction zone
23 and the second reaction zone 24 are configured to form
the ammonium 1on (NH,™) reaction zone and the hydroxide
ion (OH™) reaction zone, respectively, so as to transmit the
voltage variations of the electrochemical membrane voltage
generated by the ammonium 1on sensing layer 40 and the pH
sensing layer 50, respectively, and transmit the electric
signal through the working electrode connection zone 25 of
the first conductive part 21 and the counter electrode con-
nection zone 26 of the second conductive part 22 of the
clectric-conductive layer 20 to the connecting lines. In an
embodiment, the connection wires are further connected to
a measuring device (not shown), and the measuring device
can display and calculate the ammoma concentration corre-
sponding to the variations of the sensing voltages. Conse-
quently, it can be utilized easily.
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Furthermore, in the embodiment, the insulating and
waterprool layer 30 can be formed by for example but not
limited to isulating and waterproof materials, such as a
para-xylene polymer, a screen-printing insulating paste, or a
screen printing UV 1nsulating paste. In an embodiment, the
insulating and waterprootf layer 30 1s formed by a screen-
printing insulating paste, and dried at for example 60° C. to
140° C. The msulating and waterproof layer 30 partially
covers the first conductive part 21 and the second conductive
part 22 to make a portion of the first conductive part 21 and
a portion of the second conductive part 22 exposed and
configured as the first reaction zone 23 and the second
reaction zone 24 for being covered by the ammonium 1on
sensing layer 40 and the pH sensing layer 350, respectively.
In an embodiment, the first reaction zone 23 of the first
conductive layer 21 and the second reaction zone 24 of the
second conductive layer 22 are covered by the ammonium
ion sensing layer 40 and the pH sensing layer 50, respec-
tively, insulated and apart from each other, and disposed
nearby with a gap so as to facilitate the miniaturization of the
sensing electrode 1.

In the embodiment, the ammonium 1on sensing layer 40
and the pH sensing layer 50 are formed by for example but
not limited to a drop-coating method, a sputtering method,
an electrodeposition method or a screen-printing thick-film
technique. In the embodiment, the ammonium 10n sensing
layer 40 formed on the first reaction zone 23 of the first
conductive part 21 of the electric-conductive layer 20 1s an
ammonium 10n selective film and 1ts materials can be for
example but not limited to an 1on carrier, a plasticizer, a
heat-resistant resin or the combinations thereof. In an
embodiment, the ammonium 1on sensing layer 40 further
includes a cation exchange agent, and the components of the
ammonium 10n sensing layer 40 include for example but not
limited to an 10on carrier with the weight percentage ranged
from 0.2 wt. % to 5 wt. %, a plasticizer with the weight
percentage ranged from 350 wt. % to 70 wt. %, a heat-
resistant resin with the weight percentage ranged from 30
wt. % to 60 wt. % and cation exchange agent with the weight
percentage ranged from 0.1 wt. % to 2.5 wt. %. The mixed
solution of the 10n carrier, the plasticizer, the heat-resistant
resin, and the cation exchange agent i1s dropped on the
exposed portion for the ammonium 1on sensing layer 40 on
the first conductive part 21 of the electric-conductive layer
20 by means of droplet coating. The droplet volume 1is
ranged from 10 uL to 50 uL.. Then, 1t 1s dried, for example,
at 30° C. to 60° C. for 2 to 10 hours and then vacuum dried
at, for example, 40° C. to 60° C. for 6 to 18 hours.
Consequently, the production of the ammonium 10n sensing
layer 40 1s completed.

On the other hand, the pH sensing layer 50 can be formed
by for example but not limited to an electrochemical chro-
noamperometry (CA) method or an electrochemical cyclic
voltammetry (CV) method to deposit an 1ridium oxide (IrO,)
on the exposed second reaction zone 24 of the second
conductive part 22 of the electric-conductive layer 20. In an
embodiment, the pH sensing layer 50 1s formed by the
chronoamperometry (CA) method to electroplate the iridium
oxide (Ir0,) on the exposed second reaction zone 24 of the
second conductive part 22 of the electric-conductive layer
20. The current density is ranged from 0.2 mA/cm?® to 5
mA/cm”. In another embodiment, the pH sensing layer 50 is
formed by the cyclic voltammetry (CV) method to electro-
plate the indium oxide (IrO,) on the exposed second reac-
tion zone 24 of the second conductive part 22 of the
clectric-conductive layer 20. The working voltage 1s ranged
from —-0.2 V to 1.3 V, the scan rate 1s ranged from 10 mV/s
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to 100 mV/s and the scan cycle 1s ranged from 10 times to
100 times. In an embodiment, the deposited pH sensing
layer 50 1s rinsed by the deiomized water to remove the
redundant electroplating liquid, and then dried at 80° C. for
one hour to remove the redundant water. Consequently, the
production of the pH sensing layer 50 1s completed. In the
embodiment, the electroplating liquid includes for example
but not limited to an 1ridium chlonde (IrCl,) with X value
of 3 or 4, a hydrogen peroxide with the concentration at 30
wt. %, an oxalic acid, a potassium carbonate with the
concentration at 3 M, and a deionized water. The compo-
nents of the electroplating liquid include the 1ridium chloride
(IrCl) with the weight percentage ranged from 0.05 wt. %
to 0.18 wt. %, the 30 wt. % hydrogen peroxide with the
weight percentage ranged from 0.5 wt. % to 1 wt. %, the
oxalic acid with the weight percentage ranged from 0.2 wit.
% to 0.6 wt. %, the 3M potassium carbonate with the weight
percentage ranged from 6 wt. % to 12 wt. %, and the
deiomized water with the weight percentage ranged from 80
wt. % to 90 wt. %.

In the above embodiments, the pad 60 1s disposed around
the ammonium 10n sensing layer 40 and the pH sensing layer
50, and the interior of the opening 61 of the pad 60 1is
configured to define an accommodation space for filling with
the electrolyte layer 70. In an embodiment, the pad 60 can
be formed by for example but not limited to a polyethylene
terephthalate (PET) or a poly vinyl chlonide (PVC). In an
embodiment, the pad 60 1s formed by the PET with the
thickness of 0.35 mm. The pad 60 has a backside with an
adhesive tape, which 1s attached to the planar surface 11 of
the msulating base plate 10 and disposed around the periph-
cery of the ammonium ion sensing layer 40 and the pH
sensing layer 50. Then, 1t 1s pressed and hold for 12 hours
by a rolling machine so as to make it adhered firmly. The
interior of the opening 61 of the pad 60 is further configured
to define the accommodation space for filling with the
clectrolyte layer 70.

In the above embodiment, the electrolyte layer 70 1s
constructed by the materials of the liquid electrolyte, which
can be for example but not limited to a hydrochloric acid
aqueous solution, a potassium chloride aqueous solution, a
potassium hydroxide aqueous solution, a sodium chloride
aqueous solution, a phosphate builer aqueous solution, a tris
(hydroxymethyl) aminomethane (Tris) aqueous solution or
an ammonium chloride aqueous solution. The concentration
of the liguid electrolyte 1s ranged from 0.01 M to 0.1 M. In
an embodiment, the electrolyte layer 70 1s constructed by the
materials of the solid electrolyte. The solid electrolyte
includes a gel material attached with electrolyte. The gel
material can be for example but not limited to an agarose, a
polyacrylamide, a gelatin or a calcium alginate. In an
embodiment, the 0.01 M Tris aqueous solution 1s dispensed
in a fixed dispensing volume of 500 uL by a gel dispenser
to fill the intenior (the accommodation space for the elec-
trolyte) of the opening 61 of the pad 60. Consequently, the
production of the electrolyte layer 70 1s completed.

Moreover, 1 the above embodiments, the gas diffusion
layer 80 1s constructed by the matenal for example but not
limited to a cellulose acetate, a silicone rubber, a polytetra-
fluoroethylene (PTFE), a copolymer of fluorinated ethylene
propylene (FEP), a polydimethylsiloxane (PDMS), a poly-
vinyl chloride (PVC), a natural rubber or the combinations
thereol. In the embodiment, the thickness of the gas diffu-
sion layer 80 1s ranged from 0.1 um to 30 um. In an

— T

embodiment, the gas diffusion layer 80 1s formed by a PTF
film with the thickness ot 10 um. The backside of the PTF.

film adhered with the adhesive tape 1s attached to the pad 60
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and covers over the electrolyte layer 70, so that the electro-
lyte layer 70 1s sealed in the opeming 61 of the pad 60.
Consequently, the sensing electrode 1 of the present inven-
tion 1s completed.

In summary, a planar ammonia selective sensing electrode
and a manufacturing method thereol are provided. The
planar ammonium 10n sensing layer and the planar hydrox-
ide 10n sensing layer are disposed on an electric-conductive
by a drop-coating method, a sputtering method, an elec-
trodeposition method or a screen-printing thick-film tech-
nique, so as to improve the accuracy and reduce the volume
of the sensing electrode. In addition, the planar ammonia
selective sensing electrode 1s provided with a high selectiv-
ity and sensitivity to be applied 1n the fields of the medicine,
the biochemistry, the chemistry, the agriculture, the envi-
ronmental and others. For example, 1t can be applied to

monitor the variation of the ammonia and nitrogen concen-
trations during the planting process of hydroponic plants, the
variation of the ammonia and nitrogen concentrations of the
human sweat, the water quality of the aquaculture, or the
specific biological indicators (e.g. creatinine) by means of
combining the specific enzymes. Moreover, the structure 1s
compact, the manufacturing process 1s simplified, and the
cost 1s reduced, so as to facilitate to achieve the purpose of
providing disposable sensing electrodes

While the invention has been described in terms of what
1s presently considered to be the most practical and preferred
embodiments, 1t 1s to be understood that the invention needs
not be limited to the disclosed embodiment. On the contrary,
it 1s intended to cover various modifications and similar
arrangements 1ncluded within the spirit and scope of the
appended claims which are to be accorded with the broadest
interpretation so as to encompass all such modifications and
similar structures.

What 1s claimed 1s:

1. A planar ammonia selective sensing electrode, com-
prising:

an insulating base plate including at least one planar

surface;
an electric-conductive layer disposed on the at least one
planar surface, wherein the electric-conductive layer
includes at least one first conductive part and at least
one second conductive part, and the first conductive
part and the second conductive part are msulated and
apart from each other and configured to form a first
reaction zone and a second reaction zone, respectively;

an ammonium 1on sensing layer disposed on the first
reaction zone;

a hydroxide 1on sensing layer disposed on the second

reaction zone; and

an electrolyte layer disposed on and covering the ammo-

nium 1on sensing layer and the hydroxide 10n sensing
layer.

2. The planar ammonia selective sensing electrode
according to claim 1, further comprising an insulating and
waterprool layer disposed on the electric-conductive layer
and partially covering the first conductive part and the
second conductive part, wherein a portion of the first con-
ductive part and a portion of the second conductive part are
exposed and configured as the first reaction zone and the
second reaction zone, respectively.

3. The planar ammonia selective sensing electrode
according to claim 1, wherein the electric-conductive layer
turther comprises a working electrode connection zone and
a counter electrode connection zone disposed on the first
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conductive part and the second conductive part and con-
nected to the first reaction zone and the second reaction
zone, respectively.

4. The planar ammomnia selective sensing electrode
according to claim 1, further comprising a pad disposed on
the at least one planar surface of the insulating base plate,
wherein the pad includes an opening, the pad i1s disposed
around the ammonium 1on sensing layer and the hydroxide
1ion sensing layer, and the electrolyte layer 1s accommodated
in an 1nterior of the opening.

5. The planar ammonia selective sensing electrode
according to claim 4, further comprising a gas diffusion
layer disposed on the electrolyte layer and attached to the
pad for holding the electrolyte layer among the gas diflusion
layer, the ammonium 10n sensing layer and the hydroxide

ion sensing layer.

6. The planar ammonia selective sensing electrode
according to claim 1, wherein the hydroxide 10n sensing
layer 1s a pH sensing layer.

7. The planar ammomnia selective sensing electrode
according to claim 1, wherein the first reaction zone and the
second reaction zone are located at ends of the first conduc-
tive part and the second conductive part, respectively.

8. The planar ammonia selective sensing electrode
according to claim 7, wherein the electric-conductive layer
turther comprises a working electrode connection zone and
a counter electrode connection zone disposed on the first
conductive part and the second conductive part, respectively,
and located at ends opposite to the ends where the first
reaction zone and the second reaction zone located at.

9. The planar ammonia selective sensing electrode
according to claim 8, further comprising an insulating and
waterprool layer disposed on the electric-conductive layer
and partially covering the first conductive part and the
second conductive part, wherein the first reaction zone and
the working electrode connection zone are formed at the two
ends of the first conductive part, and the second reaction
zone and the counter electrode connection zone are formed
at the two ends of the second conductive part.

10. A manufacturing method of a planar ammonia selec-
tive sensing electrode, comprising steps of:

(a) providing an insulating base plate including at least
one planar surface, and forming an electric-conductive
layer on the at least one planar surface of the insulating
base plate, wherein the electric-conductive layer
includes at least one first conductive part and at least
one second conductive part, and the first conductive
part and the second conductive part are 1nsulated and
apart from each other and configured to form a first
reaction zone and a second reaction zone, respectively;
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(b) forming an ammonium ion sensing layer on the first
reaction zone and a hydroxide 1on sensing layer on the
second reaction zone, respectively; and

(¢) forming an electrolyte layer to cover over the ammo-
nium 1on sensing layer and the hydroxide 1on sensing
layer.

11. The manufacturing method of the planar ammonia

selective sensing electrode according to claim 10, wherein

the step (b) further comprises a step of (bl) forming an
insulating and waterproof layer on the electric-conductive

layer and allowing the isulating and waterproof layer to
partially cover the first conductive part and the second
conductive part, wherein a portion of the first conductive
part and a portion of the second conductive part are exposed
and configured as the first reaction zone and the second
reaction zone, respectively.

12. The manufacturing method of the planar ammonia
selective sensing electrode according to claim 11, wherein
the first reaction zone and the second reaction zone are
located at ends of the first conductive part and the second

conductive part, respectively.

13. The manufacturing method of the planar ammonia
selective sensing electrode according to claim 12, wherein at
the step (bl), a working electrode connection zone and a
counter electrode connection zone are formed on the first

conductive part and the second conductive part, respectively,
and located at ends opposite to the ends where the first
reaction zone and the second reaction zone located at.

14. The manufacturing method of the planar ammonia
selective sensing electrode according to claim 10, wherein
the step (c¢) further comprises a step of (c1) providing a pad
including an opening and placing the pad on the at least one
planar surface of the insulating base plate, wherein the pad
1s disposed around the ammonium 1on sensing layer and the
hydroxide 1on sensing layer, and the electrolyte layer 1s
accommodated 1 an interior of the opening.

15. The manufacturing method of the planar ammonia
selective sensing electrode according to claim 14, turther
comprising a step of (d) forming a gas diffusion layer on the
clectrolyte layer and attaching the gas diflusion layer to the
pad, so as to hold the electrolyte layer 1n the interior of the
opening.

16. The manufacturing method of the planar ammonia
selective sensing electrode according to claim 10, wherein
the hydroxide 1on sensing layer 1s a pH sensing layer.

17. The manufacturing method of the planar ammonia
selective sensing electrode according to claim 10, wherein at
the step (b), the ammonium 1on sensing layer and the
hydroxide 1on sensing layer 1s formed by a drop-coating
method, a sputtering method, an electrodeposition method or
a screen-printing thick-film technique.
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